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Abstract
The photoluminescence, its excitation and absorption spectra of MgO single crystals are investigated before and after the
irradiation with fast neutrons. It is shown that the fast neutron irradiation leads to the formation of two types of centers: the
interstitial proton H+i and  the  Mg(OH)2 microphase. From the behaviour of the photoluminescence (PL) and its excitation
(PLE) spectra we suppose that the photoluminescence band at 730 nm of the MgO crystals belongs to the complex VǦOH-Fe3+
centers, which is transformed during the irradiation with fast neutrons. The obtained results allow assume that the transition
ions play an important role in the migration of vacancies and interstitials.
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1. Introduction
Magnesium oxide was extensively studied for a long
time since it has the relatively simple structure and can
serve  as  a  model  of  a  wide  band  gap  oxide  crystal.  MgO
belongs to the group of radiation resistant materials.
Impurity ions play an important role in the production rate
of radiation-induced defects in crystalline solids [1-6]. The
luminescence spectra of the MgO crystal, containing
impurities of transition elements (chromium, iron,
manganese) shows bands in blue, orange and red regions
after exposure to a different types of ionizing radiation,
including ultraviolet light [7-12].
In this paper we present the results of the investigation
of the photoluminescence (PL), its excitation (PLE) and
optical absorption of MgO crystals exposed to a fluence of
fast neutrons up to 1018cm-2 (E>0.1 MeV).
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Fig.3. Photoluminescence excitation spectra of MgO (II) crystals:
1. nonirradiated, 2. irradiated by fast neutron fluence ĭ=1014 cm-2,
3. ĭ=1015 cm-2, 4. ĭ=1016 cm-2.
After irradiation new bands appear around
250 nm and 357 nm in photoluminescence excitation
spectra. Figure 3 shows PL excitation spectra before and
after irradiation with fast neutrons at different fluence. The
increase of the fluence leads to the decrease of intensities of
the bands at 214 and 420 nm.
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Fig.4.  Photoluminescence spectra of MgO (I): 1. nonirradiated,
Ȝex=214 nm, 2. nonirradiated, Ȝex=420 nm, 3-6. irradiated by fast
neutron fluence, Ȝex=214 nm, 3. ĭ=1014 cm-2, 4. ĭ=1015 cm-2,
5. ĭ=1016 cm-2, 6. ĭ=1018 cm-2.
The photoluminescence spectra of MgO crystals
before and after fast neutron irradiation at Ȝex=214 nm are
shown in Fig. 4. The photoluminescence spectra of MgO
crystals (both nonirradiated and irradiated) contain the
dominating feature centered around 720 nm and a weak
band with a maximum at 430 nm. The photoluminescence
spectra of MgO crystals irradiated by fast neutrons with
fluence ĭ=1015 cm-2 at different excitation wavelengths are
given in Fig. 5. It has been found that the position of the
maximum of the long wavelength emission band depends
on the excitation wavelength. The bands at maxima 650,
610, 440 and 410 nm appear after irradiation. The long
wavelength emission band is complex, it consists of 700,
730 and 760 nm subbands. The intensity of the ~720 nm PL
band decreases with the fluence increasing.
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Fig.5.  Photoluminescence spectra of MgO (II) crystal irradiated by
fast neutrons with fluence ĭ=1015 cm-2 at different excitation
wavelengths.
To summarize the results, the following mechanisms are
proposed. The red emission in MgO has been associated
with Cr3+ [7, 24] , arising from the following process (1):
Cr2+  + holeo Cr3+  + hQ (R line - 700 nm)   (1)
Clement and Hodgson [8] show that the red emission
around ~ 700 nm (1.77 eV) is not entirely due to Cr3+ , and
point to Fe2+  as  the  most  likely  source.  Moreover  an
interaction between the Fe and Cr ions can occur, in which
Cr3+  acts as an electron trap (2):
Fe2+  + Cr3+ o Fe3+  + Cr2+   (2)
For the neutron irradiated MgO crystals the wide
luminescence band ~652,5 nm (1.9 eV) and zero-phonon
lines ~ 649 nm (1.91 eV) correspond to the  complex
impurity-vacancy defect “Mn2+ -F+ (or F) center” [19]. The
excitation spectrum of luminescence correlates well with
the observed absorption spectrum [21] of MgO, which is
assigned to the complex VǦOH-Fe3+  center. We assume that
the fluence increase involves the following processes (3-5):
Fe2+  + holeo Fe3+  + hQ (610 nm)   (3)
Fe2+  + holeo Fe3+  + hQ (410 nm)   (4)
9ǦOH- Fe
3+ + e-o VǦOH- Fe
2+  + hQ (730 nm)   (5)
The  blue  emission  at  410  nm  can  be  attributed  to  the
transitions in Fe3+  at slightly different local symmetries [9].
The  VǦ and  Vo centers observed in the neutron irradiated
crystals at fluence ~1018 cm-2 are produced as a result of the
displacements of protons from VOH  sites. After the fluence
increase the following reactions can occur (6-8):
VOH + h
+ĺ VOH (6)
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4VOHĺ V + H+i (7)
2VOH +e
-ĺ V+ V(OH)2 (8)
Fig.  6  shows  the  IR  spectra  of  MgO  crystals  for  two
different fluences of fast neutrons. It is well established that
the OHǦ stretching frequency for the VOH  occurs  at
3296 cm-1 and  for  the  VOH is at 3323 cm
-1. The bands at
3340 and 3375 cm-1 have been attributed to VOH  centers
perturbed by nearly impurities. In the infrared absorption
spectra the 3400 cm-1 band is assigned to the interstitial
proton H+i while the 3700 cm
-1 band  is  attributed  to  a
microphase Mg(OH)2 [25].
Fig. 6. Infrared absorption spectra of MgO crystal irradiated by fast
neutrons: 1. fluence ĭ=1016 cm-2, 2. ĭ=1018 cm-2.
At the fluence 1018cm-1 we observe the bands, which are
connected with the interstitial proton and microphase
Mg(OH)2. We assume that the photoluminescence band at
730 nm of the MgO crystals belongs to the complex
9ǦOH-Fe3+  centers, which are transformed during
irradiation with fast neutrons.
4. Conclusions
The photoluminescence (PL), its excitation (PLE)
and optical absorption of MgO crystals exposed to a
fluence of fast neutrons up to 1018cm-2 (E>0.1 MeV) are
investigated. It is shown that the ~730 nm PL band
observed in the irradiated MgO crystals is connected with
the transformation of the complex VOH–Fe
3+  centers. The
fast neutron irradiation leads to the formation of the
interstitial proton H+i and the Mg(OH)2 microphase.
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